We have examined the effect on lung liquid secretion of catecholamines ipfused in chronically catheterized fetal lambs in utero. Isoproterenol and epinephrine inhibited secretion, an effect which increased with gestation and, in fetuses near delivery, caused absorption of lung liquid. In 7 out of 8 experiments nor-epinephrine had no effect on secretion. This pattern of response and the fact that the inhibitory effect could
Introduction
The lungs of t h e f e t u s a r e f i l l e d with a specialised secretion elaborated by the respiratory epithelium -a process which involves a c t i v e ion transport (15).
I n the mature f e t a l lamb, lung l i q u i d i s formed a t a r a t e of some 2-3 ml/hr.Kg body weight and occupies a volume roughly equivalent t o t h e Functional Residual Capacity of t h e newborn: 30 mllkg body weight (14) .
I n the course of adaptation t o a i r breathing, t h e l i q u i d within t h e lung must be cleared t o make way f o r a i r . Although i t i s well established t h a t t h i s p o c e s s takes some 4-6 hours f o r completion (2, l l ) , how it i s achieved i s f a r from c l e a r . Olver and Strang (15) showed t h a t when a c t i v e transport i n t h e lung i s inhibited by cyanide, absorption of lung l i q u i d takes place down the prot e i n osmotic gradient which e x i s t s between t h i s f l u i d and plasma (-about 20 mmHg).
However, t h e physiological mechanism f o r 'switching o f f n lung l i q u i d secretion a t b i r t h i s not known. Certainly t h e secretory mechanism must be modified a t t h i s time, s o t h a t l i q u i d does not subsequently accumulate i n t h e lungs under mrmal conditions. The amounts of catecholamines released i n response t o splanchnic nerve stimulation and asphyxia increase during gestation i n t h e lamb (5, 7) and t h e r e i s good circumstantial evidence f o r enhanced catecholamine secretion during p a r t u r i t i o n (6, 12). Furthermore, the output of epinephrine from *restingn (i.e. denervated) adrenals i s greater i n t h e newborn than i n the f e t u s . For these reasons we chose t o examine the e f f e c t on lung l i q u i d secretion of c e r t a i n catecholamines i n chronic f e t a l lamb preparations i n utero.
Methods
We performed experiments on lamb fetuses i n nine chronically catheterized preparations. The animals used were Dorset Short Horn o r Clun Forest ewes whose tupping dates were known.
Surgical Procedures:
Pregnant ewes between 115 and 125 days' gestation were anesthet i z e d with intravenous pentobarbitone sodium ('Sagatal', May and Baker) 300-600 mg, and anesthesia maintained with repeated small doses. Under s t e r i l e conditions t h e uterus was approached through a midline abdominal incision. A t h r e e t o four inch cut was made i n the uterus near a f e t a l head, c a r e being taken t o minimise amniotic f l u i d l o s s . Two l a r g e bore catheters were t i e d i n t o each end of t h e incised f e t a l trachea, and smaller cathe t e r s were inserted i n t o a c a r o t i d a r t e r y and a jugular vein. The uterus and abdomen were closed in layers and t h e catheters brought out through t h e u t e r i n e incision and then through a flank inc i s i o n some distance from t h e abdominal wound.
A 5-day postoperative course of p e n i c i l l i n and streptomycin was routinely given t o ewe and f e t u s .
Catheters :
A l l catheters were made of S i l a s t i c (Dow-Corning).
The tracheal c a t h e t e r s had an i n t e r n a l diameter 0.264 cm and were cut t o 100 cm length, giving a volume of 5.5 ml each.
Between periods of experimental observations, t h e two catheters were joined t o form a loop s o t h a t lung l i q u i d could flow normally through t h e larynx. The pressure drop along the whole length of t h e t r a c h e a l loop was 1.0 mm of water a t flow r a t e s of 15 mllhour (usual lung l i q u i d secretion r a t e s i n our experiments were between 10 and 15 mllhour).
Blood catheters had an i n t e r n a l diameter of 0.102 cm and were cut t o 150 cm length. Catheter volumes were 1.2 ml each and when not being used were f i l l e d with a heparin solution (500 unitslml).
The j o i n i n t h e tracheal loop and the junctions of t h e blood c a t h e t e r s with syringes were wrapped i n s p i r i t swabs and kept i n s t e r i l e polythene bags on t h e back of t h e ewe.
The positions of the c a t h e t e r s a f t e r death were ascertained i n 8 of t h e 9 lambs. The t i p s of t h e lung t r a c h e a l catheters usually produced a s l i g h t roughening of t h e tracheal epithelium but no other signs of damage were.seen. The t i p s of t h e venous cathet e r s lay between t h e lower end of t h e external jugular vein and t h e superior vena cava.
The t i p s of the a r t e r i a l catheters lay between the c a r o t i d a r t e r y and the arch of the aorta.
The f i r s t experiment on each f e t u s was performed n o t e a r l i e r than 6 days a f t e r t h e operation. Subsequent experiments were no more frequent than on a l t e r n a t e days.
The tracheal loop was broken a t t h e join and a syringe attached t o t h e c a t h e t e r connected t o t h e f e t a l lung. Lung l i q u i d secretion r a t e was measured by t h e i r n f d y a n t t r a c e r technique (14).
A knam amount of radio-iodine ( I o r 1311) labelled albumen was introduced i n t o t h e lung l i q u i d , which was then thoroughly mixed over a period of 30 minutes by repeated withdrawal and rei n j e c t i o n v i a the tracheal cannula. The t o t a l lung l i q u i d volume a t any time could be calculated from the t r a c e r concentration and t o determine t h i s , lung l i q u i d samples were taken every 5 o r 10 minutes ( a correction was applied f o r t h e small amount of t r a c e r removed with each sample). W e adjusted sample volume s o t h a t the volume remaining i n t h e lung was approximately constant. After a control period of one hour, one of three catecholamines was infused v i a the venous catheter, usually f o r 70 minutes. The ranges of infusion r a t e s used were: isoproterenol 0.15 -1.0 vg baselmin, epinephrine 0.16 -3.0 pg baselmin and norepinephrine 0.18 -3.0 wglbase min. In s p i t e of p r i o r f i l l i n g of the cathet e r dead space with catecholamine solution, there was often a delay of about 10 minutes before there was any e f f e c t on lung l i q u i d secretion. Therefore, secretion r a t e s were calculated from 15 minutes a f t e r the s t a r t of the infusion. A 30-minute period of recovery was allowed a f t e r t h e end of the infusion and sanpling was then continued f o r a f u r t h e r hour a s a second control period.
This sequence could be repeated with variations such a s a d i f f e r e n t dose, o r a d i f f e r e n t agonist o r using an antagonist. Infusion of the catecholamines did not produce a s i g n i f icant change i n any of these values. F e t a l a r t e r i a l blood pressure and heart r a t e were continuously monitored v i a t h e a r t e r i a l c a t h e t e r . The mean control heart r a t e was 160 (f 6.4) beatslmin.
Isoproterenol produced a mean increase of 103 (+ 5.7) beatslmin.
(P <0-001) but had no s i gn i f i c a n t e f f e c t on mean blood pressure. Epinephrine infusion caused an increase of 24 (+ 3.6) beatslmin i n heart r a t e (P <O.Ol) but had no e f f e c t on mean blood pressure. Norepinephrine infusion had no s i g n i f i c a n t e f f e c t on heart r a t e , but produced an average increase of 6 (f 2.0) mmHg i n mean blood pressure (p <0.05).
Drugs and Chemicals :
Radiolabelled Albumen, The Radiochemical Centre Ltd., Amersham. Bucks, U.K. Propranolol hydrochloride, 'Tnderal", I.C.I., G t . B r i t a i n . Norepinephrine 1:000, '~evophed', Winthrop, England. Epinephrine 1:lMX).
Antigen Ltd., Ireland. Isoproterenol hydrochloride 1:5000. "~s u p r e l " . Winthrop, England.
Solutions of catecholamines were made up immediately before each infusion i n physiological s a l i n e , i n such a s t r e n g t h t h a t t h e volume infusion r a t e was always the same, v i z . 8.8 mllhour.
Analysis of Samples:
Weighed aliquot6 (about 0.4g) of the lung l i q u i d samples were counted on a Packard Autogamma s c i n t i l l a t i o n spectrometer with energy gates s e t between 10-80 KeV f o r 1251 and 100-450 KeV f o r 1311.
The counts of t h e l a t t e r isotope were decay corrected.
Acute Experiment :
On one of the ewes carrying twins we performed an acute experiment a t 136 days' gestation, 20 days a f t e r t h e operation t o s e t up t h e chronic preparation. The ewe was anesthetized with intravenous pentobarbitone and the twin which had not been previously operated on was delivered onto a warmed table, the umbilical c i r c u l a t i o n being l e f t i n t a c t .
Measurements of lung l i q u i d secretion r a t e and infusion of isoproterenol were carried out a s described f o r t h e chronic preparations.
Spontaneous Labour:
I n t h e four sheep i n which the e f f e c t s of maturation on the response t o infused isoproterenol were examined, pregnancy was allowed t o proceed u n t i l t h e onset of spontaneous labour. This occurred a t a mean g e s t a t i o n a l age of 135 days (range 132-137 days), whereas term i n the sheep i s usually considered t o be 147 days. W e a t t r i b u t e d t h i s shortening of gestation t o the e f f e c t s of surgery. The mean weight of t h e lamb fetuses a t death was 3.53 (+ 0.29) kg.
Results

--
Beta-adrenergic e f f e c t :
Isoproterenol and epinephrine inhibited lung l i q u i d secrrt'on r a t e o r caused absorption of lung liquid i n 33 of 36 experiments.
Nor-epinephrine had no e f f e c t i n 7 out of 8 experiments. A summary of a l l these r e s u l t s i s given i n Table I. An example of t h e e f f e c t s of t h e 3 catecholamines i s given i n Figure 1 .
Each point represents a volume f o r accumulated lung l i q u i d (including t h a t removed i n samples) a t time t calculated from the measured concentration of labelled albumen (Ct). At time t , Where V i s accumulated l i q u i d volume, X i s t h e amount of impermeint t r a c e r i n i t i a l l y added. R i s t h e sum of t h e amounts of t r a c e r removed i n previous samples and Vs t h e sum of t h e volumes of a l l the previous samples. Calculated regression l i n e s a r e shown; the slopes give the r a t e of secretion o r absorption of lung liquid.
I n t h i s example, 5 minute samples were taken and the f i r s t slope gives the control secretion r a t e ; i t s numerical value i s shown j u s t above t h e horizontal a x i s . Epinephrine was then infused: t h i s caused lung l i q u i d absorption a s indicated by t h e negative 16. We are indebted to Professor L. B. Strang for his encouragement and advice. Our thanks are due to Mr. C. M. Bright, Miss C. Parcel1 and Miss E. Evans for technical assistance, and we are grateful to Miss S. White for guidance with statistics. -.
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